In this paper, we report the cloning of a Xenopus bHLH/PAS factor homologous to the mammalian aryl hydrocarbon receptor nuclear translocator (Arnt) or Drosophila Tango gene. Sequence data analysis indicates that protein domains organization in xArnt is strongly conserved and that xArnt is highly related to the mammalian Arnt1 isoform. As revealed by reverse transcriptase polymerase chain reaction and whole-mount in situ hybridization, xArnt gene is expressed during early and late development. At early stages, xArnt transcripts are restricted to the ectoderm and extends to the marginal zone at gastrula stage. In tail bud embryo, xArnt is strongly expressed in branchial arches, optical and otical vesicles, and pronephros and pronephritic duct. q
Results
Transcription factors belonging to the growing basic helix-loop-helix Per-aryl hydrocarbon receptor nuclear translocator(Arnt)-Sim (bHLH/PAS) family control a wide variety of biological processes in vertebrates and/or invertebrates. These functions include in Drosophila transcriptional regulation during central nervous system development (Crews, 1998) , tubulogenesis (Wilk et al., 1996) , and antennal/tarsal development (Emmons et al., 1999) . In mammalian carcinogen metabolism and response to hypoxia (Gu et al., 2000) , angiogenesis (Giordano and Johnson, 2001) , and brain development (Michaud et al., 1998) also involve bHLH/PAS factors. Most of the members of this family have been studied in mammals and Drosophila (Crews and Fan, 1999) . Recently, we characterized the developmental expression of the bHLH/PAS xSim factor, a Xenopus homologue of the Drosophila neurogenic master gene Single minded. (Coumailleau et al., 2000) . In order to analyze in more detail the functions of bHLH/PAS factors during early vertebrate embryogenesis, we have now identified the Xenopus aryl hydrocarbon receptor nuclear translocator (Arnt), a bHLH/PAS protein required for the development of mouse embryo (Kozak et al., 1997; Maltepe et al., 1997) and a dimerization partner, in other species, for several bHLH/PAS proteins including the Sim factor itself (Sonnefeld et al., 1997; Michaud et al., 2000) .
Here, we report the cloning and developmental expression of an Arnt-like cDNA from Xenopus laevis. Amino acid sequence analysis of the full length predicted protein reveals that this cDNA encodes a protein highly related to the two mammalian Arnt isoforms, Arnt1 and Arnt2 (70.4 and 56.6% amino acid identity, respectively), or the Drosophila Arnt homologue, Tango (41.3% amino acid identity) (Fig. 1A) . The deduced amino acid sequence encodes a polypeptide of 713 amino acids in length with a predicted molecular mass of 79 kDa. This is confirmed by the in vitro translated protein that gives a single band around 80 kDa on SDS-PAGE, smaller than the human Arnt1 protein ( Fig. 1C ; 87 kDa) or the mouse Arnt1 predicted size (86 kDa) due to a truncation in the N-terminal extremity of the Xenopus protein (Fig. 1A) . Interestingly, the highest identity was observed with the Arnt1 isoform as shown by the amino acid sequence comparison of the conserved basic, HLH and PAS domains (Fig. 1A ,B) and in phylogenetic analysis (data not shown). Indeed, substantial sequence identity was obtained with the bHLH and the PAS domains, 100 and 86.4%, respectively (Fig. 1B) . The C-terminal end of xArnt, which is supposed to be the trans-regulation region, displays only 48.7% identity with Arnt1 and is also enriched in both glutamine (13%) and serine residues (16%). The occurrence of glutamine-rich sequences have been previously suggested to be important for trans-activation E-mail address: pascal.coumailleau@snv.jussieu.fr (P. Coumailleau). ) and sequence alignment with mouse Arnt1 (mArnt1, Hoffman et al., 1991) , mouse Arnt2 (mArnt2, Hirose et al., 1996) and Drosophila Tango (dTango, Sonnefield et al., 1997) . Conserved amino acid residues are highlighted. Dashes, deletion to maximize the sequence identity. Comparison was performed using the Clustal W method (Thompson et al., 1994) . function in the mammalian Arnt (Whitelaw et al., 1994; Hirose et al., 1996) and in the Drosophila Tango (Sonnenfeld et al. , 1997) .
No additional forms of Xenopus Arnt have been identified in our neurula-stage library screening suggesting that xArnt is the major isoform present during embryonic development. Interestingly, Arnt homologues have been recently identified in adult tissues of zebrafish (Tanguay et al., 2000) and other teleosten fishes (Powell et al., 1999; Pollenz et al., 1996) . However, they appear to be either divergent or more closely related to the mammalian Arnt2 isoform, the highest identity obtained with the Xenopus Arnt was 56% (data not shown; Powell et al., 1999) . Whether or not a second Arnt isoform exists in Xenopus, and preferably expressed in adult tissues, remains to be determined.
Reverse transcriptase polymerase chain reaction (RT-PCR) analysis shows that Xenopus Arnt transcripts are detected during early and late embryogenesis ( Fig. 2A) . Interestingly, a strong signal was detected before neurula stage suggesting an important function for xArnt during early embryogenesis. The maternal and zygotic expression of xArnt gene was confirmed by whole-mount in situ hybridization (Fig. 2B) . At early developmental stages, transcripts can be strongly and specifically visualized in the animal hemisphere (Fig. 2B,a-e,i,j) . At early gastrula stage, xArnt transcripts extend to the marginal region (Fig. 2B,f,k) . In neurula embryos, sections revealed transcripts in the neural plate, dorsal mesoderm, and presumptive epiderm (Fig. 2B,l) . However, this signal is weak in perfect agreement with the decrease in transcripts detected in RT-PCR ( Fig. 2A) . In tail bud stages, the strongest expression was detected by in situ hybridization in branchial arches, otical and optical vesicles, pronephros and pronephritic duct, and epiderm (Fig. 2B,g,h,m-p) . Weak expression was detected in the central nervous system and dorsal mesoderm of early tail bud stage (Fig. 2B,g ) and such expression disappears in later stages (Fig. 2B,h,m) . No signal was detected at any stages when a sense probe was used (data not shown). Taken together, these results show that the Xenopus Arnt gene expression pattern is similar, regarding late embryonic stages, to the mammalian Arnt1 isoform (Hirose et al., 1996; Jain et al., 1998) . Interestingly, xArnt expression shows similarities to the Xenopus Sim gene during early embryogenesis (Coumailleau et al., 2000) . Whether or not a dimerization complex xArnt/ xSim is formed, via the conserved dimerization motifs HLH and PAS (Huang et al., 1993; Reisz-Porszask et al., 1994) , during Xenopus embryogenesis remains to be demonstrated. Indeed, a functional Arnt/Sim transcriptional complex has been previously identified during Drosophila or mouse central nervous system development (Ward et al. 1998; Michaud et al., 2000) . Due to the embryonic lethality of the Arnt1 gene null mutation in mouse (Maltepe et al., 1997; Kozak et al., 1997) , it will be interesting to analyze in more detail Arnt function during Xenopus early vertebrate embryogenesis.
Materials and methods
A Xenopus stage 17 cDNA library (kindly provided by Professor Kintner) has been screened in a low stringency manner with the human Arnt cDNA as a probe (provided by Hankinsson). Positive cDNA inserts were cloned into the EcoRI site of pSP72 and sequenced (pSP72/xArnt). In vitro translation experiment was performed as described previously (Coumailleau et al., 1995) .
Total RNA from whole embryos was extracted by the acid guanidium-phenol-chloroform method and cDNA synthesis performed as described previously (Chomzcynski and Sacchi, 1987) . PCR was generated using specific oligonucleotides for xArnt (see Fig. 1A ) or ODC (Coumailleau et al., 2000) . Whole-mount in situ hybridization was performed on embryo as described by Harland (1991) . Anti-sense probe was synthesized using the pSP72/xArnt matrix linearized BamHI and the T7 RNA polymerase. Detection was done with anti-digoxigenin and color reaction revealed with NBT/BCIP. For histological examination stained embryos were embedded in paraffin and cut into 20 mm sections.
